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Combination Protocols of Cytokine Therapy With Interleukin-3 and
Granulocyte-Macrophage Colony-Stimulating Factor in a Primate Model of

Radiation-Induced Marrow Aplasia

By Ann M. Farese, Douglas E. Williams, Fritz R. Seiler, and Thomas J. MacVittie

Single cytokine therapy with granulocyte-macrophage col- cytokines and HSA were injected subcutaneously at a total
ony-stimulating factor (GM-CSF) or interleukin-3 (IL-3) has dose of 25 jig/kg/d, divided twice daily. Complete blood
been shown to be effective in decreasing the respective counts (CBC) and platelet (PLT) counts were monitored
periods of neutropenia and thrombocytopenia following ra- over 60 days postirradiation. The respiratory burst activity
diation- or drug-induced marrow aplasia. The combined ad- of the PMN was assessed flow cytometrically, by measur-
ministration of IL-3 and GM-CSF in normal primates sug- ing hydrogen peroxide (H20 2) production. Coadministra-
gested that a sequential protocol of IL-3 followed by tion of IL-3 and GM-CSF reduced the average 16-day pe-
GM-CSF would be more effective than that of GM-CSF rod of neutropenia and antibiotic support in the control
alone in producing neutrophils (PMN). We investigated the animals to 6 days (P = .006). Similarly, the average 10-
therapeutic efficacy of two combination protocols, the se- day period of severe thrombocytopenia, which necessi-
quential and coadministration of recombinant human IL-3 tated PLT transfusion in the control animals, was reduced
and GM-CSF relative to respective single cytokine therapy, to 3 days when I L-3 and GM-CSF were coadministered (P
and delayed GM-CSF administration in sublethally irra- = .004). The sequential administration of IL-3 followed by
diated rhesus monkeys. Monkeys irradiated with 450 cGy GM-CSF had no greater effect on PMN production than
(mixed fission neutron:gamma radiation) received either GM-CSF alone and was less effective than IL-3 alone in
IL-3, GM-CSF, human serum albumin (HSA), or IL-3 coad- reducing thrombocytopenia. PMN function was enhaneqd
ministered with GM-CSF for days 1 through 21 consecu- in all cytokine-treated animals.
tively postexposure, or IL-3 or HSA for days 1 through 7 This is a US government work. There are no restrictions on
followed by GM-CSF for days 7 through 21. All its use.

L INEAGE-SPECIFIC CYTOKINES, granulocyte-mac- CSF receptors by IL-3 and thus dampen the GM-CSF-in-
rophage colony-stimulating factor (GM-CSF). and duced increase in PMNs.

granulocyte-CSF (G-CSF) have demonstrated therapeutic IL-3 regulates proliferation or early multipotential pro-
efficacy in reducing the periods of neutropenia associated genitor cells, as well as more committed progenitor cells of
with radiation- and drug-induced marrow aplasia." 3 Inter- erythroid, granulocyte, and megakaryocyte lineages.'0 GM-
leukin-3 (IL-3) has shown efficacy in stimulating the produc- CSF in addition to its lineage-specific effects, also possesses
tion of platelets (PLTs) in animals4 and some patients, but is megakaryocyte colony-stimulating activityt..... Theif vitro
less effective in generating neutrophils (PMNs).1.

6 activity of both IL-3 and GM-CSF has been shown to be
Previous studies in normal primates have indicated that additive with respect to stimulating larger colonies than ei-

the combination ofGM-CSF and IL-3 promoted a synergis- ther cytokine alone. ""'
tic rise in peripheral white blood cells (WBC) and PLT levels Despite monotherapy with the CSFs. neutropenia and
when IL-3 was administered before GM-CSF. "9 Whereas thrombocytopenia have remained as severe consequences
the coadministration of GM-CSF and IL-3 resulted in di- following radiation or chemotherapy. We tested the thera-
minished PMN production relative to GM-CSF alone (Fa- peutic efficacy of combined IL-3 and GM-CSF protocols.
rese et al, unpublished data). The sequential combination of both sequentially and coadministered. for the production of
IL-3 and GM-CSF is based on the concept that IL-3 will PMNs and PLTs in sublethally irradiated rhesus monkeys.
expand GM-CSF sensitive target cells for more efficient pro- We demonstrated that unlike previous studies in normal
duction of neutrophils in addition to generating an increase cynomolgus and rhesus monkeys.7 s coadministration of
of PLT precursors. Whereas, the combined administration GM-CSF and IL-3 promoted accelerated PLT and PMN
of IL-3 and GM-CSF, may result in downregulation ofGM- recovery in marrow-ablated rhesus monkeys relative to se-

quential cytokine therapy or treatment with either cytokine
alone.

Frol the Experiniental Ilenatology Department.Armed Forces
Radiobioloy Research Institute. Bethesda. MD: the Department of MATERIALS AND METHODS
Experimfenhal letnatologv. Inmunev Corporation. Seattle. IV.: 
and Behringwerke.4G. Research Laboratories. Marburg. Germanv. Expre.sion. Purification and Analysis of Crtokines

Suhmited November 30. 1992: accepted Jidr 29. 1993. Human GM-CSF and IL-3. were expressed in yeast and purified
.lddrevs reprint reqiests. t ..Inn M. I'areve. 11S. EX/i. Armed to homogeneity as previously described.' N-linked glycosylation

Forces Radiohiolo' Research Institute. 8901 Wisconsin .4re. Ie- sites were eliminated from the GM-CSF (Asn 27. Thr 39) and IL-3
tlheda. AID 20889-5603. (Asn 15. Asn 70) cDNAs by the oligonucleotide-directed site-speci-

The publication co.vts of this article were defraYed in part b/v pe tic mutagenesis.' Purified recombinant proteins were analyzed by
chare pai-ment. This article prri tlherfmre he hereby marked amino acid compositional analysis. and N-terminal sequence analy-
"'advertiscment" in accordance with 18 US.C section 1734 solehr to sis was performed by automated Edman degradation with an Ap-
i,: ,te this fact. piied Biosystems Model 477A protein sequencer (Applied Biosys-

This is a LSgoverninent work. There are no restrictions on its use tems. Foster City. CA). Quantitation of the endotoxin content of
0006-4971/93/8210-002750.00/0 purified recombinant protein- was performed with the Limulus as-

3012 B/ood Vol82. No IO (November 15), 1993: pp 3012-3018
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Table 1. Neutropenia and Thrombocytopenia in Sublethally ginning on day I) followed by 14 days of GM-CSF (25 pg/kg/d. n
Irradiated and Cytokine-Treated Rhesus Monkey.: Duration and 4). Another cohort of animals received !tSA Ir days I to 7. fol-

Mean Days of Cytopenla lowed by 14 days of GM-CSF (25 pg/kg/d).

Neutropenta Thrombocytopenia

Treatment Days Duration Days Duration Jerjj~her/Blond ..Inalt xi"

HSA 16 (5-20 d) 10 (10-19 d) Peripheral blood was sampled to assay complete blood (Model S

GM-CSF 11- (6-16 d) 8 (10-17 d) Plus II. Coulter Electronics. Hialeah. FL) and diflerential counts

IL-3 15 (6-20 d) 6" (10-15 d) (Wright-Giemsa Stain. Ames Automated Slide Stainer. Elkhart.
IL-3 and GM-CSF id 1-21) 6"1 (6-9, 12-13 d) 3"t (11-13 d) IN). Baseline levels (BL) were obtained before irradiation.
IL-3 Id 1-7), GM-CSF (d 7-21) 12 (6-17 d) 8 (10-17 d) N'troplhil a(tivalin sudies. Heparinizvd peripheral blood •

HSA (d 1-7), GM-CSF (d 7-21) 12 (6-17 d) 8 (10-17 dl was diluted with 0.83 NH 4CI (10 minutes. 21°C) to lyse the red
blood cells. The leukocytes were pelleted (400g for 10 minutes at

Monkeys, whole body irradiated with 450 cGy of mixed fission neu- 4°C). washed in Hanks' Balanced Salt Solution (HBSS) without
tron gamma radiation were treated with control protein (HSA) or cyto- Ca2* and Mg2* (GIBCO. Grand Island. NY). resuspended in Dul-
kines according to protocol. Neutropenia is an absolute neutrophil count hecco's phosphate-buffered saline (PBS: GIBCO) (5 to I0 X 106/
of <1,00 \ lOZ/pL. Thrombocytopenia is a platelet count of <30.000 mL). and maintained at 4°C. Cell viability was determined to be

10 1O/,L >95% by trypan blue exclusion.
Significant statistical difference from HSA-treated controls. Hydrogen peroxide (H:,O,) production was measured as de-

t Significant statistical difference from sequential protocols and GM- sribed by Bass ci al' The leukocytes (106 cells/mL) were incu-
CSF protocol."'"

bated with 5 ptmol/L 2'. 7', dichlorolluorescin-diacetate (DCFH-

DA: Kodak. Rochester. NY) in PBS for 10 minutes at 37°C. Cells
were then placed on ice to inhibit spontaneous HO, production
and assayed immediately,. The fluorescence (FL) of the PMNs was

say (Whitta ker Bioprouuts. Gaithersburg. MD) and was be'low the measured flow cytometricallv with a FACS analyzer interfaced to a
limits of detection for GM-CSF and I1.3. Consort 30 computer system (Becton l)ickinson. San Jose, CA)

both before (control) and after (experimental) a 15-minute stimula-
Prinate Studies tion with phorbol-I 2-myristate. 13-acetate.(PMA: Sigma. St Louis.

MO) ( tN) ng/mL). Green FL was monitored between 515 and 545Inioral. Domestic born male rhesus monkeys..tVac'atca Pit-t i
nm after excitation by a mercury arc lamp with a 485/22 nm excita-lattn(mean weight 2.9 ± 0.3 kg).,Awere housed in individual stainless lo itr Mswr ifrnitdb ole oues n ih

steel cages in conventional holding rooms ofan .American Associa- lion filter. PMNs were differentiated by Coulter volume(s) and right
tion for Accreditation of Laboratory Animal Care accredited ani- angle light scatter properties. The percent change in HO, produc-t i n f r A c e i a i n o a o a t r n m l C r c r d t d a i t i o n w a s c a l c u l a t e d a s f o l l o w s :" "
mal facility at the Armed Forces Radiology Research Institute te
(AFRRI). Monkeys were provided 10 air changes per hour of 100% Mean FL Intensity Experimental - Mean FL Intensity Control
fresh air. conditioned to 72°F ± 20 F with a relative humidity of Mean FL Intensitv Control
50, t 20'"; and maintained on a 12-hour light/dark full spectrum
light cycle, with no twilight. Monkeys were provided with commer- Resulos are reported as the percent change in mean fluorescence.
cial primate chow. supplemented with fresh fruit and tap water ad Statisticalaal'is. The Normal Scores Test was used to make
libitum. Research wasconductedaccordingtotheprinciplesenunci- pairwise comparisons of time. The test %%as performed using the
ated in the Guide.fir Mhe Care and L,'e ot Lahorator" .. nintals. software package StatXact (Cytel Software Corp. Cambridge. MA).
prepared by the Institute of Laboratory Animal Resources. Na- and exact P values were obtained.
tional Research Council.

Irradilain and lipical stupport. Monkeys placed in an alumi- tr
num restraining chair, following a prehabituation period, were total RESULTS
body irradiated (TBI) in a posterior-anterior direction using the Elkcits of( 'tokine Protocols in Sublehalbt Irradiated
AFRRI TRIGA reactor. They were exposed to a pulse (<50 millisec- Rh(ItS tonke's

onds) of mixed (1 :1. free in-air) fission neutron and gamma radia-
tion to a total free in-air (skin surface dosel of 450 cG.. All expo- Exposure to 450 cGy TBI required both PLT transfusions
sures were monitored using ionization chambers, sulfur activation and antibiotics to ensure 100% survival (LD70 /vo without
foils, and radioluminescent glass and silicon diodes. An antibiotic clinical support, unpublished results). The HSA-treated
regimen was initiated prophylactically when the WBC was 1.000/ control animals required antibiotic support for an average
SLandcontinueddailv untiltheWBCw:s> ,OO/ptfor3consce. 16-day period (day 5 to 20) of neutropenia (ANC < 1.000/
utive days. Gentamicin (Lyphomed. Deerfield. IL) (1.5 mg/kg q 12) pL). and PLT support over a 10-day period (day 10to 19) of
and rocephin (Roche. Nutlev. NJ) (100 mg/kg/d) %%ere adminis- severe thrombocytopenia (FLT < 30.000/ML) (Table I and
tered in tram uoularlk. Fresh'. irradiated (I.500) cGy 'Co) PLTs seetrrbc tpna(IT<3.0/u)(al n
from a random donor Fres admiPst Fig 1). Normal PMN and PLT levels were not attained unil

fro a andm dnorpool (monkeys of> 10 kg) were administered
every other day when the PI.T count was less than 30.0(X)/UL. days 24 and 30. respectively (Fig I ).

Recombinant ctokine adminiratiin protocol. Beginning on
day I after irradiation, monkeys were administered t%%ice daily sub- Platelei Recovery
Lutaneous injections of either recombinant human 1L-3 (25 pg/kg/
d. n - 4), GM-CSF (25 ug/kg/d. n = 4). GM-CSF and IL-3 (25 The administration of25 ,g/kg/d ofGM-CSF shortened
,ug/kg/d each. n - 4. or human serum albumin (HSA: 25 ug/kg/d. the duration of neutropenia in the irradiated primate. How-
n 5)asacontrol for21 daxs. In studies ofsequential growth factor n:er. it did not significantly promote PLT recovery com-
administration. 11. 1 (25 mg/kg/d) was administered for7 days th- pared with HSA con'u animals. nor did it alter the depth



3014 FARESE ET AL

......

-. 100 ',,

x 30_
-HSA

-L

10 --- GM-CSF
i . . --.---IL-3 + GM-CSF

-.. ,-.. IL-3(d1 -7) + GM-CSF(d7-21)

-..- .GM-CSF(d7-21)

1 I I I I I I I I I I I I

0 4 8 12 16 20 24 28 32 36
IH- Cytokine Administration -

A Time (Day After Irradiation)

100

10 ..... .

: ' , i ,

Ze HSA
-. -. IL-3

0.1..- GM-CSF
-- 6-- IL-3 + GM-CSF
--. IL-3(dl-7) + GM-CSF (d7-21)

-.-. GM-CSF 0d7-21)

0.01
0 4 8 12 16 20 24 28 32 36

i' Cytokine Administration -

B Time (day after irradiation)



4

CYTOKINE PROTOCOLS IN IRRADIATED PRIMATES 3015

75 *70 -  H SA

70-....- rhIL-3
w 60 - rhGM-CSF
0 j -- ,-- rhIL-3 and rhGM-CSF5 -* -,,,-- rhll-3 (D1-7) + rhGM-CSF (D7-21)

'40.,-...- rhGM-CSF (D7-21)40 -

CY 3 -c 30 - , " •

c 20*

~10
0 'I i , II i I

0 13 15 18 21 23 25 28 34 39 41

Time (day after irradiation)

Fig 2. Hydrogen peroxide production as described in Methods by PMNs obtained from cytokine- or control-treated rhesus monkeys
following sublethal irradiation, The mean values (± SEMI of the percent change in fluorescence/cell (10,000 PMNs/analysis) by each
animal from its isspective baseline are reported.

of the postirradialion nadir (Fig I A). HSA- and GM-CSF- to that seen when therapy was initiated on day I postirradia- A

treated animals required from two to four PLT transfusions tion (Fig I A).
each during the nadir period. In contrast, IL-3 administra- t
tion accelerated PLT recovery, with preirradiation levels at- NeutrophiI Rc'ca' i
tained by day 22 (Fig I A). The PLT nadir in IL-3-treated The injection of either lISA, GM-CSF. IL-3, orGM-CSF
animals as well as the duration of thrombocytopenia (day and IL-3 beginning at day I postirradiation induced an
10 to 15) was significantly different (P = .005) from HSA- early, rapid mobilization of PMNs into the systemic circula-
treated controls (Fig I A). tion (Fig I B). PMN levels above normal were maintained

Coadministration of GM-CSF and IL-3 resulted in accel- for several days postirradiation. thereafter decreasing to
erated PLT recovery (Fig I A). which reached preirradiation their nadir. GM-CSF accelerated the recovery of circulating
levels 5 days earlier than in !L-3-treated animals (day 17 v PMNs. and significantly (P = .009) reduced the duration of
day 22). Animals coadministered IL-3 and GM-CSF were neutropenia by 5 days (day 6 to 16) compared with HSA-
PLT transfusion-independent during the postirradiation treated monkeys (day 5 to 20). and significantly reduced the
nadir and although not statistically significant. further re- depth of the nadir (Table I and Fig I B). IL-3 treatment did
duced the duration of thrombocytopenia 3 days versus IL- not accelerate PMN recovery versus HSA-treated animals
3-treated animals (Table 1). The duration ofthrombocyto- (Fig I B and Table I). Coadministration of GM-CSF and
penia was significantly reduced by 7 days versus IL-3 elicited the most rapid return of PMN numbers to
HSA-treated animals (1P = .004) and 5 days versus the se- preirradiation levels (Fig I B). An abortive increase of PMNs
quential IL-3/GM-CSF protocol (P = .04). The rate of PLT was noted at day I I postexposure, which could not be sus-
recovery, depth of thc nadir period, and duration of throm- tained. A true PMN recovery followed several days hence.
bocytopenia in animals treated sequentially with IL-3 fol- Antibiotic therapy was maintained through this increase,
lowed by GM-CSI- did not differ significantly from that therefore antibiotic administration was reduced by 7 days in
observed in animals receiving GM-CSF or IL-3 alone (P GM-CSF- and IL-3-treated animals. The duration of neu-
.19) (Fig I A). The PLT recovery in animals where GM-CSF tropenia was significantly reduced (P = .006) from II days
administration began on day 7 postirradiation was similar to 6 days in animals that were coadministered GM-CSFand

Fig 1. Regeneration of the circulating platelet (A) and absolute neutrophil (B) counts J± SEMI following sublethal irradiation of rhesus
monkeys treated with HSA or IL-3/GM-CSF cytokine protocols. Cytokines or HSA were administered over a 21 -day protocol by twice daily
subcutaneous injections as described in Methods.



3016 FARESE ET AL

1L-3 (Table 1) versus GiM-CSF therapy alone. In addition. However, sequential administration of IL-3 and GM-
the coadministration of IL-3 and GM-CSF significantly (1P CSF in the present studies did not demonstrate a shortened

.0 1) reduced the duration of neutropenia (6 days) versus recovery period, let alone synergy in the. sublethally irra-
the sequential IL-3/GM-CSF protocol (12 days). diated rhesus monkey. The kinetics of platelet recovery

Sequential cytokine therapy provided no benefit in PMN showed that the nadir and duration ofthrombocytopcnia (8
production overGM-CSF alone(P = .19)orIIL-3alonc(1= days) were not significantly different from the HSA. GM-
.19) (Fig I B and Table I). In addition, when GM-CSF ad- CSF. or IL-3-treated controls. Relative LO the GM-CSF
ministration was delayed until day 7, the animals exhibited monotherapy ( I I days). the nadir and duration of neutro-
an identical kinetic pattern of PMN recovery (1' = .13) as penia ( 12 days) were unchanged in animals treated with
those treated with GM-CSF for the entire 21 days (Fig I B). IL-3 followed by GM-CSF. However. once initiated, the

production of neutrophils was rapid. reaching peak values
greater than GM-CSF alone and equivalent to the coadmin-

PMNs produced during cytokine treatment with GM- istered IL-3/GM-CSF protocol. Recently Ganser et all ' re-
CSF. IL-3. or GM-CSF and IL-3 were capable of producing ported during a phase I study of tumor patients with normal
signilicantlv (1 _,< .05) more H,O, than normal. preirradia- hematopoietic capacity. that a sequential combination regi-
tion PMNs (Fig 2). This priming effect decreased within men of IL-3 and GM-CSF increased PMN counts but not
several days after cessation of cytokine therapy. PMNs in PLT counts relative to IL-3 monotherapy. However. the
HSA-treated animals were also primed for an increased re- PMN response to sequential IL-3/GM-CSF was not greater
spiratory burst in response to stimulation during the over- than that noted in the Herrmann et al study. when GM-CSF
shoot period after the nadir. was administered alone.-" In two additional clinical studies.

DISCUSSION sequential therapy with IL-3. followed by GM-CSF showed
no benefit on myclopoiesis and thrombopoiesis versus

Severe neutropenia and/or thrombocytopenia remain as monotherapy with GM-CS -'8 or IL-3.2' Delay ofGM-CSF
dose limiting sequelae following intensive cytotoxic therapy therapy for 7 days without IL-3 priming, accelerated neutr6-
with drugs or radiation. The recombinant cytokine GM- phil recovery in a fashion similar to that observed in ani-
CSF accelerates recovery of neutrophils2-23 and maintains mals that received the full 21 -day course of GM-CSF ther-
their functional capacity. 23 vet has little demonstrable effect apy. These results are comparable with those of Meisenb&rg
on platelet recovery. In contrast, IL-3 promotes a slower et al."0 who demonstrated that neutropenia due to a single
increase in neutrophils and monocvtes while accelerating dose of mcchloroethamine can be equally reduced with
the recovery of circulating platelet levels." Recent in vi- both early and delayed initiation of G-CSF therapy. These
tr 24

.
25 and in vivo 9 -26 results of combined IL-3 and GM- data and those of Meisenberg et al"° suggest that cytokine

CSF use suggest increased clinical efficacy of this cytokine (G-CSF and GM-CSF) responsive target cells ate available,
combination. at day 7 regardless of early GM-CSF or G-CSF administra-

The present studies were performed to test the in vivo tion. The responsive population requires several days. to b
efficacy of two combination regimens. either the coadminis- generated. Early IL-3 administration alone does little1'or
tration or the sequential administration of IL-3 and GM- expanding the surviving GM-CSF target population in inra-
CSF. relative to their respective controls in a primate model diated marrow.
of radiation-induced marrow aplasia. Surprisingly. the rate These results are discordant with the conclusions drawn
of neutrophil and platelet recovery was increased in re- from in vivo results in normal primates, which showed that
sponse to coadministration of GM-CSF and IL-3 relative to IL-3 expands progenitor cells that are responsive to subse-
the IL-3/GM-CSF sequential protocol. This would not have quent GM-CSF administration. It has been recognized that
been predicted from studies in our laboratory, which the common functional characteristics of IL-3 and GM-
showed a dampened response when these factors were coad- CSF may in part be explained by shared binding capacities
ministered to normal monkeys (Faresc et al. unpublished on hematopoieticcells. Both molecules compete forbinding
data). with equally high affinity for a subpopulation of cell surface

Stahl et al' recently evaluated the differential effects of receptors. 3 3 The competition between IL-3 and GM-CSF
coadministered. sequential, and single agent IL-3 and GM- for receptor binding is explained by competition for the
CSF protocols on megakaryocvte maturation and platelet common 3 chain among the specific a subunit. In this case
response in normal primates. They concluded that adminis- the 0 chain is rate limiting. It has been hypothesized by
tration of IL-3 and GM-CSF in a sequential protocol was Lopez et al4 that the a chain itself can deliver a growth
most efficient in stimulating thrombopoiesis by sequen- signal by coupling directly to a signal transduction mecha-
tially increasing megakaryocyte numbers and maturation. nism absent in mature cells. Progenitor cells may also have
These cumulative effects were diminished by coadministra- sufficient (nonlimiting) amounts of 0 chains allowing li-
tion of the two cytokines. WBC were increased without al- gands to bind to and signal through the at 3 high-affinity
tering the ,titlerential in all GM-CSF containing protocols, receptor complex. Perhaps competition would not occur in
Sequential administration of IL-3 followed by GM-CSF had this case. The irradiated. aplastic marrow may show a sub-
previously been shown to promote a synergistic stimulation population of progenitor cells responsive to both IL-3 and
of neutrophils and platelets in normal cynomolgus mon- GM-CSF. whereas target cells responsive to IL-3 alone arc
keys.71 greatly reduced. It is worth noting that Stahl et ali showed
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that mcpaxr~oc~te ploid% was silnilicatntly increased stimulating flictor INIMS~and granuloctc ctin %linlulaitng
,Aithin 3 dass in primates coadlministered WL-3 and GM- Ilitcor ftG.USFI. mlt J Cell (bIting 11:229- 196m)4
'SIF relative it) the 7-da y period required ('or either the sc 1. Stahl UP1. Wingon EF. Monroe MU. flair I:. lolman RC.

quential protocol or c.M-csF alone. KN~crs l.A. ~icht F. halti I: l)ilkrentiale-ffect~tofseiuential.iimul-
Our data alst suggcsts increasedI presence and/or produc- wrneous. and single agent intcrlculin-3 and granuloc~te macrto-

tion of' targetcells respoinsive to the coadministration of' phage eolon -siimulaiing factor on nsegakarmiw~te maturation and
IL-.1 and G[%-CSF and forecasts the potential ellicacy of Iltltrsos npmle.Bod1027.I9If0. Siehi'CA. N ionmeerUCM. Nathan I Xi. Iilern SC. RicheritR.fusion proteins, such as the 1.-3/GM-CSF protein Yang YC. Wong (;. (lark SW: Stimulation oflhuman hcmaittopo,-
PIXY32I." ' Duta obtained using PIXY32I in this model. etic colom tformation b% recombinant gibbon mutti-colony stimu-
%ith respect to plateletand neutrophil production is compa- lating ract'ir or W.-I. J (b*in Invest 90(:9 18. 19917
rabic to that observed with coadministration of GM-CSF- 11. Stahl~ ('1. Winton FF. MonroeMif. I lolman RC. ZelasL% NI.
andlL-3."An exception is the abortive rise in PM Nprod tic- Lichl E. M~ers I A. NItCiure If. Anderson ID. Fsalt BL.: Rccombi-
lion seen at day ItI with the coadministration ol'o tokines. nant human granuloc% te-macrophage colony stimulating factor
This study suggests that coadministration of I L-3 and G M- promotes megakar ic~tc maturation in nonhuman primates. lExp
('SF may provide a significant clinical advantage to existing I lematol 1 9:8I0. 19)91
cytokine therapies or myclosuppression. It also offiers a 12. Robinson BE. Mc~rath IE. Quewrnberrm P1: Recombinant
cautionarv note with regards to drawing conclusions about murine granulocy'te macrophage colon% stim'ulating factor has

cytoir~ -n mclospprsse anmalsbasd o daa negakaryocyte stimulating action and augments megakar0cVIc
obtanedfro noral nimls.colony stim,ilation bv 11-3.1 J in Invest 79:1648. 1987

13. Brunt) F. Nijiler ME. Itotfnian R: lnteractingcytokincs regu-
ACNWLDMETlate in vitro human megakaryocytopoiesis. Blood 766. 9(
ACKNOWLDGMENT14. Metcalf 1). Nicola NA: TIhe clonal proliferation of normal
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